other forms of lignocellulosic biomass could improve the economy of α-amylase and invertase production (2, 8) .
The aim of the present study was to investigate the potential of using date wastes as a substrate for the production of α-amylase and invertase using A. niger strain ANSS-B5, which was isolated from saline soil areas of the Algerian sahara, and to be able to optimize their production conditions.
Materials and Methods

Materials
The date waste were obtained from DegletNour cultivar.
Biological strains 2.2.1. Isolation, identification and screening of A. niger
Thirty strains of A. niger were isolated from the saline soils collected from five arid locations in Algeria. The strains were then seeded into Petri plates containing in: sucrose 30g/L, Na 2 NO 3 After incubation at 30°C for 3 to 5 days, the mycelium was sub-cultured into 2 % water agar for purification (17) . The identification of strains of A. niger was based on the observations of the fungal mycelium: color and diameter of the colony, the presence of the thallus, the presence or the absence of the septum, the nature of the production and characteristics of fruiting bodies and spores (18) . Finally, the strains were screened qualitatively in petri plates containing CzapekDox agar medium with Bromocresol green as an indicator (17) .
Methods 2.3.1. Experimental protocol 2.3.1.1. Preparation of culture substrate
The preparation of the date wastes syrup was reported by Acourene and Ammouche (19) .
Inoculum preparation
A. niger strain ANSS-B5 was inoculated in sterile 100 ml Erlenmeyer flasks containing 20 ml of culture medium composed by: Glucose, 20 g/L; (NH 4 ) 2SO 4 
Production of α-amylase
The cultures were developed in 250 ml Erlenmeyer flasks containing, 50 ml of date waste syrup inoculated with 2% (w/v) inoculum level of 2×10 8 CFU/ml and shaking at 200 rpm/min.
Production of invertase
The fermentation was carried out in 250 ml Erlenmeyer flasks containing 50 ml of date wastes syrup inoculated with 2% (w/v) inoculum level of 2×10 8 CFU/ml and shaking at 200 rpm/min.
Analytical Methods
Biomass was harvested by paper filtration using a pre-dried and pre-weighted Whatman filter paper N°1, washed with distilled water and dried to a constant weight at 70°C (5).
Amylase activity was assayed by adding 0.1 ml of enzyme fermented broth supernatant to 0.2 ml of 0.5 % soluble starch and incubated for 30 min at 37°C. The reaction was stopped by adding 0.4 ml of 3,5 dinitrosalicylic acid, followed by boiling for 10 min. The final volume was made to 10 ml with distilled water and the absorbency measured at 540 nm with U.V. spectrophotometer. A calibration curve of absorbance and concentration of Dglucose was established with a known amount of glucose (21) .
Invertase activity was determined by using the method of Sumner and Howells (22) with slight modification by incubating 0.1 mL of the enzyme solution with 0.9 ml of sucrose in 0.03 M acetate buffer (pH 5.0). To stop the reaction, 1 ml of dinitrosalicylic acid reagent was added and heated for 5 min in a boiling water bath. The absorbance was read at 540 nm in U.V spectrophotometer (23).
Results
Production of α-amylase and invertase
Thirty strains of A. niger isolated locally were tested for their potential to produce α-amylase and invertase. While all strains in the screening experiment were able to grow on date wastes syrup and were capable of producing α-amylase and invertase, with A. niger strain ANSS-B5 was selected as the best producer of these enzymes, thus its production conditions were optimized.
Optimisation of α-amylase production
The obtained results indicate that dry biomass and α-amylase production were 0.98 g/L and 72.06 U/ml at 48 h and increased to 1.74 g/L and 143.33 U/ml at 96 h (Table 1) .
Beyond 96 h, a decrease in α-amylase activity, 131.07 U/mL was noted at 144 h. To evaluate the effect of temperature on α-amylase production the results show that the dry biomass and α-amylase produced at 20°C are low, 0.78 g/L and 100.37 U/mL, and increased to a maximum of 1.74 g/L and 143.33 U/mL, respectively at 30°C. At higher temperatures there were gradual decreases in dry biomass and α-amylase production, 0.42 g/L and 24.50 U/mL when temperature was increased to 45°C.
As shown in Figure 1 , the highest levels of dry biomass and α-amylase activity, i.e., 2.07 g/L and 176.05 U/ml were produced at pH 5.5, and their lowest levels, i.e., 0.96-1.18 g/L, and 95.67-126.00 U/mL, were obtained at pH 4.0 and 9.0, respectively.
On the other hand, the obtained results show that the growth and α-amylase activity increases gradually with an increase in sugars content to reach to maximum values at 20.0 g/L of sugars, 2.38 g/L and 216.27 U/mL, and their lowest levels, 1.65 g/L and 107.85 U/mL, were obtained at 2.5 g/L of sugars.
Other results obtained elsewhere show that the highest dry biomass production was obtained with yeast extract, 2.96 g/L followed by urea, 2.38 g/L, ammonium nitrate, 2.26 g/L, peptone, 2.12 g/L, meat extract, 1.88 g/L, Gunpowder milk, 1.86 g/L, Ammonium phosphate, 1.84 g/L, Ammonium sulfate, 1.79 g/L and ammonium carbonate, 1.48 g/L. Among the organic sources, supplementation with yeast extract and urea caused an increase in α-amylase activities, up to 256.27 and 216.26 U/mL, respectively. Ammonium nitrate also enhanced the amylase activity 200.07 U/mL, but ammonium carbonate showed a negative influence, showing a steep decrease in α-amylase activity, 108.36 U/mL.
As shown, in Figure 2 , the growth increased with an increase in yeast extract content to reach to a maximum value, 4.12 g/L at 5.0 g/L.
The α-amylase activity also reached the maximum value, 273.37 U/mL at 5.0 g/L of yeast extract. However, beyond 5.0 g/L yeast extract, the α-amylase activity dropped to 216.53 U/mL. 
Optimisation of invertase production
The results obtained show that the growth and invertase production were 2.60 g/L and 25.62 U/mL at 48 h and increased up to 3.60 g/L and 124.32 U/mL at 96 h (Table 2) .
Interestingly, after 96 to 144 h, growth increased slightly, 5.26 g/L at 144 h, but a lower invertase activity was observed, 109.88 and 97.66 U/ml at 120 h and 144h, respectively. Temperature was varied to evaluate its effect on invertase production. The results show that the maximum growth and invertase activity, i.e., 3.60 g/L and 124.32 U/mL, were obtained at 30°C. Further increase in temperature declines the growth and invertase production, 1.82 to 2.54 g/L, and 32.34 to 65.61 U/mL at temperatures of 45 and 40°C, respectively.
As shown in Figure 3 , the growth and invertase activity were at maximum at initial pH 5.0 and pH 6.0, 3.60-3.75 g/L and 124.32 -133.59 U/mL, respectively. The lowest invertase activity, 93.58 U/mL was obtained at pH 3.0. At pH 7.0, dry biomass and invertase production declined, i.e., 2.40 g/L and 111.14 U/mL, respectively.
The results obtained show that the growth and invertase activity increased gradually with sugars content to reach to maximum values of 3.95-4.76 g/L and 170.10-171.20 U/mL, respectively at 40.0 -50.0 g/L of sugars content. The lowest values, 2.40 g/L and 27.32 U/mL, respectively were obtained at 10.0 g/L of sugars.
Yeast extract content was varied to evaluate the effect on invertase production. As shown in Figure   4 , the higher invertase production, 195.56 U/ml was obtained at 11.0 g/L of yeast extract content and the dry biomass was 4.22 g/L.
The lowest values, 0.20 to 2.80 g/L and 0 to 62.33 U/mL were obtained at yeast extract contents ≤ 6.0 g/L. At higher yeast extract contents ≥ 12.0 g/L, a decrease in invertase production, 163.59 U/ml but an improvement of growth, 5.20 g/L, were noted.
The effect of potassium phosphate content on invertase production was measured.
The results show that the addition of potassium phosphate to the culture medium improved the growth of A. niger and the maximum dry biomass, 4.65 g/L at 4.0 g/L of potassium phosphate. Whereas, the maximum invertase production, 195.56 U/mL was obtained at 3.5 g/L. Any decrease in the phosphate concentration beyond optimum, greatly reduced the invertase activity due to improper growth of A. niger ANSS-B5, thus the lowest growth and invertase activity, 2.10 g/L and 60.15 U/mL, respectively were obtained at 1.0 g/L of potassium phosphate content.
Discussion
Optimization of α-amylase production
The incubation time for achieving maximum enzyme level is governed by the characteristics of the culture. So, the optimum fermentation period for maximum α-amylase production was 96 h. On further incubation, the enzyme activity gradually decreased. This may be due to the depletion of Temperature is one of the important factors, which strongly affects the submerged fermentation (4). The optimum temperature for maximum α-amylase activity was 30°C, and DjekrifDakhmouche et al. (32) have also reported similar results. A further increase in temperature resulted in a decrease in α-amylase activity. At temperature above 45°C resulted in moisture loss of the substrate, which affects metabolic activities of the micro-organism and resulted in reduced growth and α-amylase production (7). In contrast, Ray et al. (33) reported that the optimum temperature for maximum α-amylase production by B. brevis is 50°C.
Among the physicals parameters, the pH of medium plays an important role by inducing morphological changes in the organism and in enzyme secretion (29) . The production of α-amylase is Said A. et Table 2 . Evaluation of dry biomass and invertase activity following incubation period, temperature, sugars and potassium phosphate content very sensitive to initial pH of the medium. Our findings are comparable to previously reported results from literature that reported maximum α-amylase production at a pH varying between 5.0 and 6.0 (3, 7, 19, 25, (28) (29) (30) 32) . According to Varalakhshmi et al., (34) , the amylases production by A. flavus and A. niger JGI 24 were found maximum at pH 7.0 to 7.5.
In contrast, Gangadharan et al., (35) reported that pH 3.5 to be the best for the production of á-amylase. According to Guillen-Moreira et al., (4); Gupta et al., (29) , the growth and enzyme production were inhibited when the initial pH of the medium was above 10.0 or below 4.0.
Sugar content is a crucial factor in submerged fermentation and its importance for α-amylase production has been well established. The optimum sugars content for maximum yield was 20.0 g/L. Similar results were obtained by Hernandez et al., (5) and Acourene and Ammouche (19) with strains of C. guilliermondii CGL-A10 and A. niger.
Studies on supplementation of inorganic and organic nitrogen sources to the date wastes syrup showed a mixed trend on enzyme production. In contrast, Hernandez et al., (25) ; Gupta et al. (29) showed that the peptone was the best nitrogen source. Finally, Radha-Krishna et al., (38) obtained high amylase activity when ammonium nitrate was used.
On the other hand, the optimum yeast extract content for maximum α-amylase production was Phosphate serves as the construction material of cellular components such as cyclic AMP, nucleic acids, phospholipids, nucleotides and coenzymes (35) . The optimum phosphate content for maximum growth and α-amylase production was 5.0 g/L. Similar results were recorded by Acourene and Ammouche (19); Gangadharan et al. (35) with C. guilliermondii and B. amyloliquefaciens.
Moreover, Zaldivar-Aguero et al., (40) reported that the synthesis of α-amylase is stimulated by adding 7.0 to 10.0 g/L phosphorus to the culture medium. In contrast, Jin et al., (30) did not obtain a significant improvement in gluco-amylase yields by adding phosphorus to the fermentation medium.
Optimization of invertase production
The incubation period is governed by the characteristics of the culture and is based on the growth rate and enzyme production. In this study, the optimum incubation period for maximum invertase production was 96 h. A similar result was found by Ashokumar et al. (41) and Gomez et al., (43) .
The optimum temperature in the present study for maximum growth and biosynthesis of invertase was 30°C. Further increase in temperature caused a decline in the invertase production. Optimal pH is very important for growth of micro-organisms and their metabolic activities. In our system, an initial pH 6.0 was regarded as optimal for invertase production. A similar result was reported by Hayashi et al., (8) Nitrogen constituent has a profound effect on invertase production because there exists a strong correlation between nitrogen equilibrium and the productivity of microorganisms (14) . We report the optimal yeast extract content for maximum invertase production is 11.0 g/L. A similar result was reported by Hayashi et al., (8) . In contrast, Cheng and Liu (12) obtained a maximum invertase activity at 26.0 g/L of yeast extract with A. japonicus.
Phosphate source plays a key role in enhancing invertase secretion (43) . The optimum potassium phosphate content for maximum invertase production was 3.5 g/L. Similar findings have previously been reported by Alegre et al., (44) with A. caespitosus. In contrast, according to Cheng and Liu (12) , the addition of potassium phosphate shifted the morphology of the fungal growth from filamentous to pellet form, but this salt did not affect invertase production with A. japonicus.
Conclusions
α-Amylase and invertase are industrially important enzymes and their demand is increasing in line with the growing global markets for processed food, especially the confectionery industry. The use of α-amylase and invertase are somewhat limited due to its high price. Thus the optimization of the production process is very important, so as to make it more economical and feasible. The present study contributed toward to the optimization of nutritional parameters and cultural conditions.
The growth and α-amylase or invertase production with A. niger ANSS-B5 were influenced by various nutritional and environmental factors. The obtained results show that the composition of the medium is a major factor in regulating of the synthesis of α-amylase and invertase.
It is concluded from these results that A. niger ANSS-B5 isolated from saline soil of Algerian aridic regions when cultured in submerged fermentation using date wastes product as carbon source is very interesting for industrial scale applications in the production of α-amylase and invertase.
